Introduction
The changing epidemiology of childhood-onset Type 1 diabetes has been reported in many countries and remains unexplained. A significant increase in the incidence of Type 1 diabetes over the past few decades has been reported worldwide [1, 2, 3, 4] . estimated population of 1.9 million. Aboriginal people account for 3.5% of the state's total population [10] and the remainder are mainly people of European descent.
Princess Margaret Hospital for Children is the only tertiary paediatric hospital in the state and the only referral centre for children diagnosed with diabetes. In Australia, children with diabetes are usually treated by hospital-based paediatricians and endocrinologists. This enables case ascertainment levels of over 99% to be achieved consistently and the complete populationbased data set can be used to describe the characteristics of newly diagnosed patients accurately.
The epidemiology of Type 1 diabetes in 0 to 14-year-olds in Western Australia has been described from 1985 to 1992, when it was found to have increased significantly in both sexes and across all age groups [11] . Therefore, the aims of this study were to determine the incidence of Type 1 diabetes in Western Australia in children who were 0 to 14 years of age from 1985 to 2002, and to analyse the trends in incidence rate over the same period.
Subjects and methods
The primary source of cases was the Western Australia Children's Diabetes database, which was established at Princess Margaret Hospital in 1987 [12] . This prospective populationbased register satisfies the criteria of the Diabetes Epidemiology International Group [13] , enabling an international comparison of incidence rates. The database also contains retrospective data, obtained using multiple sources, on children diagnosed with Type 1 diabetes from 1985 to 1987. All patients seen at Princess Margaret Hospital with newly diagnosed Type 1 diabetes are registered on the database. As Princess Margaret Hospital is the only referral centre for children diagnosed with diabetes in Western Australia, the case ascertainment level of this database is over 99% [11, 12] .
Data collected include name, date of birth, date of diagnosis, age at diagnosis, sex, address at diagnosis, results from autoantibody assays and family history. Patients are seen every 3 months at the diabetes clinic, and the database is updated regularly with results from investigations. Therefore, the records of any patients found to have been diagnosed incorrectly with Type 1 diabetes, or to have diabetes secondary to other causes, are changed to include this information.
Secondary case ascertainment was from the Western Australian Hospital Morbidity Data System, which contains name-identified information on discharges from all public and private sector acute-care hospitals in the state. A list of all patients whose diagnosis at discharge included any reference to Type 1 diabetes, and whose age at admission was less than 15 years, was obtained and then cross-checked with cases in the diabetes database. The capture-recapture method was used to estimate completeness of ascertainment [14] .
All patients diagnosed with Type 1 diabetes by a physician and who started insulin therapy before the age of 15 years and were resident in Western Australia at the time of diagnosis were included in the study. Patients with diabetes secondary to other causes, such as cystic fibrosis, were excluded. Type 1 diabetes was diagnosed according to the definition of the World Health Organization [15] and the date of diagnosis was defined as the date when insulin therapy was initiated.
Population estimates based on census data were obtained from the Australian Bureau of Statistics.
Ethics approval for this study was obtained from the Princess Margaret Hospital Ethics Committee and the Western Australia Department of Health's Confidentiality of Health Information Committee. Informed consent was obtained from all patients prior to their data being stored on the diabetes database at Princess Margaret Hospital.
Statistical analysis. Incidence rates were calculated using cases from both sources as the numerator and annual population estimates from the Australian Bureau of Statistics as the denominator [16, 17] . Age-standardised rates were calculated using the direct method with the developed world population, which has equal numbers in each subgroup defined by age (0-4, 5-9 and 10-14 years) and sex, as the standard [18] . Confidence intervals were estimated assuming a Poisson distribution of cases.
Poisson regression models were used to analyse the incidence rates by calendar year, sex and age group at diagnosis (0-4, 5-9 and 10-14 years), and to estimate the temporal trends. Models were fitted to test for differences in the incidence rate trends between the sexes and between the three age groups.
To analyse the incidence for seasonal variation, sine and cosine functions in a logistic regression analysis were used [19] . This method also allows for covariate adjustment.
Annual incidence rates were calculated from 1985 to 2002. The rates calculated from 1985 to 1992 were found to be almost identical to those previously published [11] . However, for consistency, we present the most recently obtained data to analyse the incidence rate trends over the study period.
A p value of less than 0.05 was considered statistically significant. Data were analysed by using the STATA statistical software package (version 8.0, Stata Corporation, College Station, Tex., USA).
Results
Ascertainment. From 1985 to 2002, there was a total of 1144 cases (560 boys, 584 girls). Case ascertainment for 1985 to 1992 has been estimated as 99.6% [11] . From 1992 to 2002, of the 801 cases in total, 786 were ascertained from both the register at Princess Margaret Hospital and the Hospital Morbidity Data System, ten cases were ascertained only from the Hospital Morbidity Data System and 15 cases were ascertained only from the register at Princess Margaret Hospital. Using the capture-recapture method, the case ascertainment from 1992 to 2002 was estimated to be 99.98%. Therefore, the case ascertainment for the whole study period was estimated to be 99.8% complete. (Fig. 1) . The incidence has increased significantly (p<0.001) by an average of 3.1% (95% CI: 1.9%-4.2%) a year since 1985.
Sex. From 1985 to 2002, the mean age-standardised incidence was 15.6 per 100000 person years (95% CI: 13.7-17.5) in boys and 17.3 per 100000 person years (95% CI: 15.3-19.4) in girls. The incidence has increased significantly in both sexes, with an average annual increase of 3.9% (95% CI: 2.2%-5.6%, p<0.001) in boys and 2.3% (95% CI: 0.6%-3.9%, p=0.005) in girls. There was no significant difference between the age-standardised incidence (incidence rate ratio = 1.10, 95% CI: 0.98-1.24, p=0.10) or incidence rate trends in boys compared with girls (p=0.18).
Age group. The mean incidence in 0 to 4-year-olds, from 1985 to 2002, was 11.0 per 100000 person years (95% CI: 9.2-12.8). This was significantly lower than the mean incidence in 5 to 9 and 10 to 14-year-olds (Table 1 ). There was no significant difference between the overall incidence of 18.8 per 100000 person years (95% CI: 16.3-21.3) in 5 to 9-year-olds and 19.6 per 100000 person years in (95% CI: 17.6-21.6) in 10 to 14-year-olds. The incidence has increased significantly in all age groups since 1985 (Fig. 2) . The incidence increased by an average of 3.3% a year (95% CI: 0.9%-5.9%) in 0 to 4-year-olds, 3.7% a year (95% CI: 1.8%-5.7%) in 5 to 9-year-olds and 2.2% a year (95% CI: 0.4%-4.0%) in 10 to 14-year-olds. There was no significant difference in the incidence rate trends between the age groups, and a disproportionate rate of increase in the youngest age group was not found.
Seasonal variation.
There was significant seasonal variation in the incidence of Type 1 diabetes. A seasonal pattern with one maximum and one minimum level per year was highly significant (p<0.001). A higher number of cases was diagnosed from April to September, the autumn and winter months in Australia (Fig. 3) . A non-significant pattern was found when investigating two minimum and maximum levels per year (p=0.398). There was no significant effect of sex (p=0.098); however, there was a highly significant effect of age (p<0.001). When analysing the individual age groups, a significant seasonal pattern was only found in the 0 to 4-year-olds (p=0.046).
Discussion
The incidence of childhood-onset Type 1 diabetes in Western Australia is increasing at a rate comparable to Data are mean annual incidence rates per 100000 per year (95% CIs) unless otherwise stated. Age-standardised rates are shown for the 0 to 14-year age group that reported in another state of Australia, New South Wales [20] , and in many European countries (3.2% a year) [2, 3] . This increase in incidence cannot be explained by increased ascertainment levels as the completeness of the population-based diabetes database in Western Australia has been estimated to be over 99% since its establishment in 1987, and case ascertainment methods have remained unchanged since that time.
The overall incidence in Western Australia is similar to that in New South Wales [20] and it is in the highincidence category compared to other countries [8] .
There has been a significant increase in the incidence in both boys and girls. No significant difference was found in the overall incidence or incidence rate trends in boys compared with girls. There are inconsistent findings on the difference in incidence of Type 1 diabetes by sex. In general, a male excess has been found in countries with a high incidence and a female excess in countries with a low incidence of Type 1 diabetes [18, 21, 22] . However, a higher incidence in girls was recently reported in New South Wales [20] and similar to our findings, some studies have found no difference in incidence between boys and girls [23, 24] , although both these studies had ascertainment levels of 85%.
Many studies report an increase in incidence with increasing age, with the highest incidence occurring in the 10 to 14-year-old age group [8] . In this study, the incidence of Type 1 diabetes in the youngest age group was found to be significantly lower than that in 5 to 9 and 10 to 14-year-olds. However, there was no significant difference in the incidence between 5 to 9 and 10 to 14-year-olds.
In contrast to reports from Europe [2] , Oxford, UK [5] and Finland [6] , in which higher rates of increase in the youngest age group have been documented, a disproportionate rate of increase in 0 to 4-year-olds was not found in Western Australia. There was no significant difference in the incidence rate trends between the age groups, which is similar to the findings in other countries, including Scotland [25, 26] . Although a trend towards a higher rate of increase in the youngest age group was found in New South Wales, no statistically significant difference was found in the trend between the age groups.
Significant seasonal variation in incidence was found with a higher number of cases being diagnosed in the autumn and winter months. This is consistent with the findings from many studies that have found a lower incidence of Type 1 diabetes occurring in the warmer months [3] . Studies examining seasonal variation by sex and age group have not had consistent findings. Some studies have found significant seasonal variation occurring only in boys [27] and varying with age, with some studies showing a seasonal effect in all age groups [3] and others, only in 10 to 14-yearolds [28] . Seasonal variation in incidence may reflect The rapid increase in incidence of Type 1 diabetes around the world is likely to be the result of increased exposure to environmental risk factors in genetically susceptible individuals. The non-differential increase in incidence in both sexes and all age groups, found in Western Australia, suggests that the increased exposure to risk factors affects all of these groups.
The 18 years of complete population-based data on incident cases of Type 1 diabetes in Western Australia mean that our results are an accurate description of the epidemiology of Type 1 diabetes in this state. Continued monitoring of the incidence of diabetes in Western Australia should increase our understanding of the global patterns of this disease and help generate hypotheses concerning potential aetiological factors.
